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1 .O SUMMARY 
This appendix p r e s e n t s  t h e  r e s u l t s  o f  a six-degree-of-freedom (6-DOFj n o n l i n e a r  
Monte C a r l o  d i s p e r s i o n  a n a l y s e s  f o r  t he  l a t e s t  g l ide  r e tu rn - to - l and ing  s i te  
(GRTLS) a b o r t  t r a j e c t o r y  for t h e  Space T r a n s p o r t a t i o n  System-1 (STS-l), c y c l e  3 
( re f .  1 ) .  For t h i s  GRTLS, t h e  number two main engine f a i l s  a t  262.5 seconds  
ground e l a p s e d  time (GET).  F i f t y  randomly s e l e c t e d  s i m u l a t i o n s  were ana lyzed .  
This  a n a l y s i s  compares t h e  f l i g h t  environment w i t h  systems and o p e r a t i o n a l  con- 
s t r a i n t s  on t h e  f l i g h t  environment and,  i n  some cases, u s e s  s i m p i i f i e d  sys t em 
models as an a i d  i n  a s s e s s i n g  the GRTLS f l i g h t  p r o f i l e .  
f l i g h t  envelopes are provided as a a a t a  base f o r  u se  by system s p e c i a l i s t s  i n  
de t e rmin ing  the f l i g h t  r e a d i n e s s  for STS-1. 
I n  a d d i t i o n ,  GRTLS 
The 6-DOF o p t i o n  of  t h e  LAND program was used t o  g e n e r a t e  t h e  50 random tra- 
jec twies  t h a t  were ana lyzed .  'he GRTLS s i m u l a t i o n s  are i n i t i a l i z e d  a t  e x t e r -  
n a l  tank ( E T )  s e p a r a t i o n .  The initial cova r i ance  ma t r ix  ( r e f .  2) is a 20 by 2C 
m a t r i x  and i n c l u d e s  n a v i g a t i o n  errors and d i s p e r s i o n s  i n  p o s i t i o n  and v e l o c i t y ,  
time, acce le romete r  bias,  and i n e r t i a l  p l a t fo rm misa l inemec t s .  
The A p r i l  atmospheres ( r e f .  3 )  are p resen ted  i n  t h i s  document. The b a s e l i n e d  
tact ical  a i r  n a v i g a t i o n  (Tacan) s e l e c t i o n  l o g i c ,  which selects one o u t  of t e n  
Tacan s t a t i o n s  (based on t h e  b e s t  Tacan geometry) are a l s o  p r e s e n t e d .  Data from 
t h e  a i r  d a t a  system (ADS), below a n  E a r t h - r e l a t i v e  v e l o c i t y  o f  2500 f p s ,  a re  
used.  B a r o a l t i t u d e  was no t  processed between v e l o c i t i e s  cf 1600 and 900 f p s .  
Runway r e d e s i g n a t i o n s  or ground state ve2tor  updates  are n o t  i n c l u d e d  i n  t h i s  
a n a l y s i s .  
I n  a l l  50 saaples ana lyzed ,  speedbrake ,  rudde r ,  e l e v o n ,  and body-flap hLnge mo- 
ments are a c c e p t a b l e .  A l l  l a n d i n g  s i m u l a t i o n s  begin t r a n s i t i o n  t o  a u t o l a n d  
b e f o r e  an a l t i t u d e  o f  3000 f e e t ,  and there  are no t a i l s c r a p e s .  b v l g a t i o n -  
de r ived  dynamic p r e s s u r e  a c c u r a c i e s  exceed the  f l i g h t  o n t r o l  system (FCS) con- 
s t r a i n t s  above Mach 2.5 and s e v e r a l  cases v i o l a t e d  the  change of yawing mcment 
c o e f f i c i e n t  because of b e t a  (Cng) dynamic and l a t e r a l  trim c o n s t r a i n t  l i n e .  I n  
a d d i t i o n ,  normai load  f a c t o r  t r a n s i e n t s  occur a t  microwave scann ing  beam l a n d i n g  
system (MSBLS) a c q u i s i t i o n  and a t  t e r m i n a l  area energy management (TkEM)/autoiand 
i n t e r f a c e .  The t i r e  s p e c i f i c a t i o n  l i m i t  speed o f  222 k n o t s  was exceeded i n  
one o u t  of f i f t y  l a n d i n g s ,  and t h e  t i r e  c e r t i f i c a t i o n  lirait speed of 208 k n o t s  
w a s  exceeded i n  t h r e e  o u t  of f i f t y  lafldings. 
Navigat ion-derived dynamic p r e s s u r e  a c c u r a c i e s  exceed t h e  FCS c o n s t r a i n t s  above 
Mach 2.5. V i o l a t i o n  of  these c o n s t r a i n t s  w i l l  a f fen t  t h e  FCS tnoding and g a i n s  
because dynamic p r e s s u r e  is used t o  perform these two f u n c t i o n s .  S e v e r a l  cases 
v i o l a t e d  t h e  Cng dynamic and l a t e r a l  trim c o n t r a j n t  l i n e .  This  c o n s t r a i n t  l i n e  
was gene ra t ed  by u s i n g  the  A p r i l  1979 aerodynamic data ,  X c.g. = 66.7 trim 
f l i g h t ,  l- in2h Y c . g .  o f f s e t .  worst-case e l l i p t i c a l  v a r i a t i o n s ,  two yaw jets used 
for  trim, maximum s i d e s l i p  a n g l e  of 1.5' and 5 s n t  airframe ef fec ts .  
of  t h e  two c o n s t r a i n t s  (dynamic pressilre and Cng dynamic) d i d  not  cause  any 
probler is .  Seve ra l  meter ing methods were used t o  reduce the  normal load t r a n -  
s i e n t s  a t  MSBLS a c q u i s i t i o n  but we;.e unsuccess fu l .  The re fo re ,  t h e  p i l o t  should 
expec t  these t r a n s i e n t s  i f  he is i n  tLe a u t o  guidance mode a t  ' . h i s  p o i n t .  ,he 
MSBLS v a r i a n c e s  have been i n c r e a s e d  and w i l l  reduce t h e  magnitude of these 
t r a n s i e n t s  'he l and ing  s t a t i s t i c s  i n d i c a t e  t h a t  three ou t  of f i f t y  l a n d i n g s  
V i o i a t i o n  
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exceeded t h e  tire s p e c i f i c a t i c n  l i m i t  speed of 222 k n o t s .  
is expec ted  t o  b e  manual (rather than  u s i n g  t h e  a u t o l a n d  gu idance  Cor STS-I), 
t h e  p i l o t  l a n d i n g  t e c h n i q u e s  are expected t o  l and  f a r t h e r  downrange t o  reduce 
t h e  l a n d i n g  speed to  w i t h i n  l a n d i n g  gear c o n s t r a i n t s .  
Because t h e  l a n d i n g  
2.0 INTRODUCTION 
T h i s  appendix p r e s e n t s  t h e  r e s u l t s  of a 6-DOF n o n l i n e a r  Monte Car lo  a n a l y s e s  fo r  
t h e  la tes t  GRTLS a b o r t  t r a j e c t o r y ,  STS-1, c y c l e  3 (ref.  1 ) .  The f l i g h t  environ-  
ment is compared wi th  sys t ems  and o p e r a t i o n a l  c o n s t r a i n t s  on t h e  f l i g h t  environ-  
ment, and i n  some cases, s i m p l i f i e d  system models are used as an  a i d  i n  asses- 
sing the GRTLS f l i g h t  p r o f i l e .  I n  a d d i t i o n ,  GRTLS f l i g h t  enve lopes  are provided 
as a data base f o r  use by system s p e c i a l i s t s  i n  d e t e r n i n i n g  t h e  f l i g h t  r e a d i n e s s  
f o r  STS-1. 
The 6-DOF Monte C a r l o  o p t i o n  of t h e  LAND program was used t o  g e n e r a t e  t h e  50 ran-  
dom t r a j e c t o r i e s  that  were analyzed.  
ET s e p a r a t i o n .  The i n i t i a l .  cova r i ance  mac *ix (ref. 2 )  is a 20 by 20 m a t r i x  and 
i n c l u d e s  n a v i g a t i o n  e r r o r s  and d i s p e r s i o n s  i n  p o s i t i o n  and v e l o c i t j ,  time, 
acce le romete r  b i a s ,  and i n e r t i a l  p l a t f o r m  misalinernents.  
The GRTLS s i m u l a t i o n s  are i n i t i a l i z e d  a t  
A p r i l  a tmospheres  ( re f .  31,  which are t h e  best  a tmospheres  t o  u s e  f o r  a March 31 
l aunch ,  were used. The b a s e l i n e d  Tacar, s e l e c t i c n  l o g i c ,  which se lec ts  one o u t  
o f  t e n  Tacan s t a t i o n s  based on t h e  best  Tacan geometry,  was used i n  t h i s  s t u d y .  
Also,  data from t h e  ADS were used below an E a r t h - r e l a t i v e  v e l o c i t y  of 2500 f p s .  
B a r o a l t i t u d e  was n o t  p rocessed  between v e l o c i t i e s  o f  1600 and 900 fps .  
r e d e s i g n a t i o n s  or  ground s ta te  vector u p d a t e s  were n o t  i nc luded  i n  t h i s  a n a l -  
y s i s .  
Runway 
S ta t i s t ica l  summaries f o r  s e l e c t e d  pa rame te r s  and s ca t t e r  traces f o r  selected pa- 
rameters are p r e s e n t e d  in t h i s  appendix.  The scatter traces i n c l u d e  t h e  expec- 
t ed  three-sigma d i s p e r s i o n s  f o r  t h e  parameters  t h a t  are  normally distribi!&,ed. 
T h i s  appendix f irst  d e f i n e s  a set  o f  c r i te r ia  t h a t  is used t o  de t e rmine  t h e  
a c c e p t a b i l i t y  of t h e  f l i g h t  p r o f i l e .  h d e l  u p d a t e s  and a d d i t F o n a l  models w e  
d i s c u s s e d  nex t .  A d i s c u s s i o n  o f  t h e  atmosphere d i s p e r s i o n s ,  n a v i g a t i o n  p e r f o r -  
mance, c o n t r o l  s u r f a c e  hinge moments, CRTLS gu idance  performance, and l and ing  
performance f o l l o w s ,  r e s p e c t i v e l y .  The r e s u l t s ,  i n  t h e  form o f  s c a t t e r  t r a c e s ,  
are then compared t o  system and O p e r a t i o n a l  c o n s t r a i n t s .  These f l i g h t  enve iopes  
and r e s u l t s  from s i m p l i f i e d  system models can be used by system s p e c i a l i s t s  
t o  determine areas tmt w e d  more d e t a i l e d  a n a l y s i s  b e f o r e  t h e  STS-1 f l i g h t  
r e a d i n e s s  review. 
3.0 SUCCESS CRITERIA 
The fo l lowing  c r i te r ia  are used i n  de t e rmin ing  s u c c e s s f u l  r e s u l t s :  
a .  Control s u r f a c e  hinge-momer5 C o n s t r a i n t s  ( r e f .  4); def ined  i n  t ab le  I 
b .  lrormal l oad  f a c t o r  less t han  2.5g 's  ; . ' ? f .  5 )  
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c. Dynamic p r e s s u r e  less t h a n  t h e  400 p s f  ( ref .  5 )  
d. Maximum descen t  rate of 400 f p s  i r r  t h e  t r a n s o n i c  r e g i o n  to  ccnform t o  com- 
partment  v e n t i n g  c o n t r a i n t s  ( re f .  5)  
e. TAEM/autoland i n t e r f a c e  box; sa t isf ied before an  a l t i t u d e  of 5000 feet ( ref .  
6) ;  def ined  i n  table I1 
f .  P i t c h  a t t i t u d e  wi th  r e s p e c t  t o  t h e  h o r i z o n t a l  less t h a n  15.0° a t  l a n d i - 3  
(ref.  7 )  
g. Descent rates a t  l a n d i n g  less t h a n  9.5 f p s  ( ref .  7 )  
h.  Landing s p e e d s  less t h a n  the  t i r e  limit speed of 222 k n o t s  (ref. 8) 
i. L a t e r a l  p o s i t i o n  w i t h i n  60 feet  of t he  runway c e n t e r l i n e  ( r e f .  6) 
j. Lateral v e l o c i t y  less than  50 f p s  (ref.  8) 
4.0 ADDITIONAL MODELS AND MODEL UPDATES 
T h i s  s e c t i o n  p r e s e n t s  t h e  models added t o  t h e  LLND program t o  s i m u l a t e  GRTLS 
and upda te s  to  e x i s t i n g  moaeis. A GRTLS guidance  s i m u l a t i o n  ( r e f .  6)  was added 
and modif ied t o  i n c l u d e  ahange r e q u e s t s  ( C R ’ s )  19078A, 19199, 19209, and 19370. 
Also added was a CRTLS FCS s i m u l a t i o n  ( re f .  9 )  and C R ’ s  t o  f u n c t i o n a l l y  simu- 
l a te  t h e  auto/FCS model i n  t h e  October  16, 1979 I B M  software d e l i v e r y .  The  
e n t r y  nav iga t ion  software was modif ied t o  f u n c t i o n a l l y  s i m u l a t e  the n a v i g a t i o n  
model documented i n  r e f e r e n c e  10. The s u p p o r t i n g  base data f o r  t h e  n a v i g a t i o n  
model is p resen ted  i n  r e f e r e n c e  11. 
Aerodynamic da ta  were updated t o  t h e  A p r i l  1979 ( re f .  12) .  IF. a d d i t i o n ,  a d i s -  
p e r s i o n  model was added to  s i m u l a t e  b e n t  airframe e f f ec t s .  
fects  or r e a c t i o n  c o n t r o l  system ( R C S )  i n t e r a c t i o n  e f f ec t s  were i n c l u d e d .  
Nc a e r o e l a s t i c  ef- 
5.0 DISCUSSION 
T h i s  s e c t i o n  p r e s e n t s  a d i s c u s s i o n  of t h e  s i m u l a t i o n s  r e s u l t s  fo-  t h e  l a t e s t  
GRTLS a b o r t  t r a j e c t o r y .  For  t h i s  GRTLS, the number two main eng ine  f a i l s  a t  
262.5 seconds GET. 
5.1 ATMOSPHERIC DISPERSIONS 
F i g u r e  1 p r e s e n t s  t he  a tmospher ic  d i s p e r s i o n s  f o r  t h e  month of A p r i l ,  w i t h  re- 
s p e c t  t o  the  1962 Standa rd  Atmosphere ( r e f .  13) and t h e  wind magnitudes and head- 
i n g s  f c r  a l t i t u d e s  greater  than  800 f e e t .  
winds.  The lower a l t i t u d e  winds ( r e f .  14) are  gene ra t ed  by samplinu peak wind 
s t a t i s t i c s  a t  t h e  s u r f a c e ,  whjqh descr ibe t h e  wind magnitude d i s t r i b u t i o n s  be- 
tween 6:OO and 8 : O O  a.m. a t  KSC du r ing  A p r i l .  Wind heading s t a t i s t i c s  a t  t h e  
F igu re  2 p r e s e n t s  t h e  lower a l t i t u d e  
3 
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s u r f a c e  are sampled and a wind t u r n i n g  f u n c t i o n  is used t o  re la te  t h e  two- 
kilometer rawinsonde d a t a  p o i n i  t o  t h e  s u r f a c e  wind he ' ng. The s t a t i s t i ca l .  a t -  
mospheres and winds a lof t  were g e n e r a t e d  by u s i n g  the  v e r t i c a l  atmosphere genera-  
t i o n  o p t i o n  ( re f .  3 ) .  
are c o n s i s t e n t  w i t h  t he  S?ace S h u t t l e  O r b i t e r  environment s p e c i f i c a t i o n s  ( r e f .  
15). Turbulence (ref.  14) is superimposed on t h e  s t e a d y  s ta te  winds. T h i s  t u r -  
bulence model s t a t i s t i c a l l y  v a r i e s  t h e  g u s t  i n t e n s i t v  arld scale l e n g t h  and as- 
sumes t h a t  the O r b i t e r  is always i n  some k ind  o f  t.: ' h l e n c e .  
The atmospheres  are a f u n c t i o n  o f  altitude ar.J m m t h  and 
F i g u r e  l ( a >  p r e s e n t s  t h e  d e n s i t y  d i s p e r s i o n s .  
80 000 and 200 000 f e e t ,  the mean d e n s i t y  d e v i a t i o n  f o r  A p r i l  is more dense t h a n  
t h e  1962 S tanda rd  Atmosphere. T h i s  r 2 s u l t s  i.;l a small mean d e v i a t i o n  i n  t h e  al-  
t i t u d e  e r r o r  %hen t h e  d r a g  a l t i t u d e  is i n c o r p o r a t e d  i n  t h e  n a v i g a t i o n  data prc-  
cessing. P r a s s u r e  d i s p e r s i o n s  o f  t h e  atmosphere ( f i g .  l ( c ) )  a f f e c t  t h e  bar+  
b a r o a l t i t u d e  measurements. 
l a t i o n  which, i n  t u r n ,  d e r i u e s  a p r e s s u r e  a l t i t u d e .  The ADS u s e s  a cu rve  f i t  
based on a 1 9 6 ~  S tanda rd  Atmosphere t o  d e r i v e  p r e s s u r e  a l t i t u d e .  
a l t i t u d e  is c o r r e c t e d  based on a nonstandard monthly mean model and a b a r o s e t ,  
which c a l i b r a t e s  t h e  barometer to  measured p r e s s u r e  a t  t h e  l a n d i n g  s i te  b e f o r e  
l a n d i n g  t o  minimize the  e f f e c t s  o f  t h e  nonstandard atmospheres .  
s o n a l  nonstandard c o r r e c t i o n s  are : , va i l ab le ,  t h i s  a n a l y z i s  used t h e  A p r i l  c o r r e c -  
t i o n s  above an a l t i t u d e  of  12 000 f e e t  mean-sea-level a l t i t u d e .  Below 12 000 
f e e t ,  t h e  b a r o s e t  was used.  A t  approximately 26 000 f e e t  ( j e t  stream), wind mag- 
n i t u d e s  ( f i g .  l ( d j )  .spproach t h e  d e s i g n  -zalues.  The mean wind head ings  ( f i g .  
l ( e ) )  is toward t h e  east. 
f l e c t  t h e  c r o s s i n g  o f  t h e  1800 wind heading ra ther  than  wind heading change. 
I n  t he  a l t i t u d e  i n t e r v a l  between 
Dispersed s t a t i c  p r e s s u r e s  are i n p u t  i n  t h e  ADS simu- 
T h i s  p r e s s u r e  
S i n c e  on ly  sea- 
Tne d i s c o n t i n u i t i e s  i n  t h e  p lo t  of wind heading re- 
5.2 N A V I G A T I O N  PERFORMANCE 
The n a v i g a t i o n  r ssurement  i nco ryor r  " ion  schedu le  f o r  t h e  l a t e s t  CRTLS p r o f i l e  
is p r e s e n t e d  i n  t i b l e  111. F i r s t ,  d ra& a l t i t u d e  is i n i t i a l l y  p rocessed  when t h e  
d rag  a c c e l e r a t i o n  is greater than  11 f p s 2  ( a  '186 b00-feet  a l t i t u d e )  and termin- 
ateti a t  an a l t i t u d e  o f  85 200 feet o r  when the  ba romet r i c  a l t i t u d e  is v a l i d ,  
whichever occ'irs f i rs t .  Tacan data are i n i t i a l l y  processed a t  an a l t i t u d e  o f  ap- 
proximately 227 000 feet  and are t e rmina ted  m e n  t h e  MSBLS d a t a  are v a l i d  o r  a t  
l a n d i n g ,  whichever o c c u r s  first.  Table I V  p?ese i , t s  t h e  Tacan s t a t i o n s  Jsed i n  
t h i s  a n a l y s i s .  Only two of  t h e  t e n  Tacan s th t ion :  were selected by t h e  Tacan se- 
l e c t i o n  l o g i c  (Savannah and Mobile) .  
F i g u r e  3 p r e s e n t s  t h e  nav iga t ion -de r ived  and /o r  ADS-derived paraineter p e r f c r -  
mance. F igu re  3(a)  shows t h a t  i n  t h e  th ree - s igna  c a s e ,  t h e  FCS i c c u r a c y  r e q u i r e -  
ments ( re f .  16)  f'qr dynamic p r e s s u r e  w i l l  be v i o l a t e d  f o r  Mach numbers greater 
than  2 .5 .  The mean b i a s  s een  i n  f i g u r e  3 ( a )  is due t o  t h e  i n a c c u r a c i e s  i n  t h e  
drag c o e f f i c i e n t  ( c d )  curve f i t  used t o  derive dynamic p r e z s u r e .  
w i l l  be  updated i n  t h e  nea r  f u t u r e .  The large i n i t i a l  errors are aLte t o  RCS 
f i r i n g s .  Below Mach 2.5,  when t h e  ADS dynamic p r e s s u r e  is used ,  t h e  e r r o r s  i n  
t h e  three-sigma case, s l i g h t l y  exceed the  r equ i r emen t s  ( r e f .  1 7 )  d u r i n g  t h e  Mach 
jump r e g i o n  (Mach 0.9 t o  1 .6) .  I n  t h i s  r e g i o n ,  dynamic p r e s s u r e  is s e n s i t i v e  t o  
n a v i g a t i o n  e r r o r  s i n c e  t h e  nav iga ted  a l t i t u d e  i s  used t o  d e r i v e  the f ree  stream 
s t a t i c  p r e s s u r e  w h i c h ,  i n  t u r n ,  is used i n  d e r i v i n g  dynamic p r e s s u r e .  Dynarliic 
T h i s  cu rve  f i t  
4 
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pres su re  is used i n  moding t h e  FCS and i n  computing gaics. These error magni- 
t u d e s  d i d  not  cause  any problems i n  any of t he  s i m u l a t i o n s .  
F igu re  3 i b )  p r e s e n t s  a n g l e - o f - a t t a c k  accuracy .  The angle-of -a t tack  e r r o r ,  above 
Mach 2.5, is t h e  d i f f e r e n c e  between the naviga t ion-der ived  angle o f  attack and 
the actual a n g l e  o f  a t t a c k .  Below Mach 2.5, t h e  angle-of -a t tack  e r r o r  is the 
d i f f e r e n c e  between t h e  ADS angle o f  a t t a c k  and t h e  a c t u a l  angle o f  attack. 
b i g g e s t  c o n t r i b u t o r  to e r r o r s  i n  the naviga t ion-der ived  a n g l e  o f  attack are 
winds beceuse the  nav iga t ion  r o u t i n e  d e r i v e s  a n g l e  o f  a t t a c k  from t h e  n a v i g a t i o n  
Earth-relative v e l o c i t y ,  which does no t  i nc lude  the  effects of w.i?ds. Angle- 
cf-attack errors are c leaned  up by t h e  ADS below Mach 2.50. 
e n t s  che Macb, number errors. The b a r o a l t i t u d e  performance is shown i n  f i g u r e  
3(d) .  
s a t i s f i e d  . 
The 
F i g u r e  3(c) p res -  
T h i s  figwe shows tha t  the ADS a l t i t u d e  accuracy  requi rement  is 
The n a v i g a t d  state v e c t o r  performance is shown i n  f i g u r e  4 .  F i g u r e  4 (g )  shows 
t h e  Tacan s t a t i c n  l o c a t i o n s  r e l a t i v e  t o  t h e  groundt rack .  
t i t u d e  rate e r r o r s  are the  naviga ted  d a t a  minus a c t u a l  d a t a  for these two para-  
meters, r e s p e c t i v e l y .  All o t h e r  state v e c t o r  e r r o r s  are equa l  to the  a c t u a l  
q u a n t i t y  minus nav iga t ion  q u a n t i t y .  
downrange, and cross range  (WW) c o o r d i n a t e  system determined by the actual 
state.  A l t i t u d e  and a t t i t u d e  rate e r r o r s  are p l o t t e d  i n  f i g u r e  4 i n  p l a c e  o f  
t h e  radial p o s i t i o n  e r r o r  and t h e  radial  rate e r r o r .  
( r e f .  18) used i n  f i g u r e  4 are used by open-loop n a v i g a t i o n  a n a l y s t s  a3 an  i n d i -  
c a t o r  o f  performance. While meeting t h e s e  c o n s t r a i n t s  ensu res  s a t i s f a c t o r y  per- 
formance, vio!-ition o f  these c o n s t r a i n t s  does no t  n e c e s s a r i l y  mean unaccep tab le  
performance. I n t e g r a t e d  guidance ,  n a v i g a t i o n ,  aqd c o n t r o l  (GNLC) performance 
a n a l y s i s ,  such as t h i s  Monte Car lo  a n a l y s i s ,  p rov ides  a more direct  method o f  
assessing the nav iga t ion  performance. 
A l t i t u d e  e r r o r s  and al- 
The e r r o r s  are computed i n  a radial ,  
The accuracy  r equ i r emen t s  
Table V p r e s e n t s  a s ta t is t ical  sumnary or’ t h e  state v e c t o r  n a v i g a t i o n  e r r o r s ,  
and t ab le  V I  p r e s e n t s  the i n i t i a l  s ta te  v e c t o r  d i s p e r s i o n s .  A l l  t h e  samples 
were taken a t  a cons t an t  a l t i t u d e .  The e r r o r s  are expressed  i n  a U V W  c o o r d i n a t e  
system def ined  a t  each sample; U is rad ia l ,  V is downrange, and W is 
crossrange .  
5 . 3  CONTROL SURFACE DEFLECTIONS AND HINGE MOMENTS 
Table I c o n t a i n s  t h e  e l evon ,  body f l a p ,  and speedbrake hinge-moment c a p a b i l i t y  
(ref. 4 ) .  The s t a l l  limits i n  t h e  table were used as p a r t  o f  t h e  s u c c e s s  
cri teria.  
Also p l o t t e d  on t h e  e levon hinge-moment p l o t s  are t h e  s t a l l  l i m i t s .  The max : .ium 
a l lowable  c o n t r o l  s u r f a c e  rates in the  LAND program are f u n c t i o n s  o f  the  hinge 
moments. The elevon h inge  momcnts are c o n s e r v a t i v e  because t h e  t o t a l  v a r i a t i o n  
i n  t h e  hinge-moment c o e f f i c i a n t  is assumed t o  be t h e  same I”or t h e  inboard and 
outboard e levon.  T’ne data book s p e c i f i c s  t h a t  t h e  v a r i a t i o n  must be d iv ided  by 
the  squa re  r o o t  of two. The h inge  moments f o r  t h e  r i g h t  inboard  e l evon ,  r i g h t  
outboard e l evon ,  l e f t  inboard e l evon ,  l e f t  outboard e l evon ,  body f l a p ,  
speedbrake , and rudder  are a l l  a c c e p t a b l e .  
F igu re  5 p r e s e n t s  the co r i t ro l  s u r f a c e  d e f l e c t i o n s  and h inge  moments. 
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5.4 GUIDANCE PERFORMANCE 
F i g u r e s  6 and 7 p r e s e n t  t h e  gu idance  performance parameters .  
stead of n a v i g a t i o n  d a t a ,  are p l o t t e d  u n l e s s  otherwise stated.  These f i g u r e s  
are d i v i d e d  i n t o  t h e  GRTLS guidance performance pa rame te r s  ( f i g .  6 )  and t h e  
a u t o l a n d  guidance performance pa rame te r s  ( f ig .  7 ) .  
Ac tua l  data, i n -  
5.4.1 GRTLS 
F i g u r e  6 p r e s e n t s  the GRTLS gu idance  performance parameters .  
a f u n c t i o n  of p r e d i c t e d  nav iga ted  r ange  d u r i n g  t h e  TAEM phase are i l i u s t r a t e d  i n  
f i g u r e  6 ( a ) .  The S-turn boclndary, S - tv rn  t e r m i n a t e  boundary, minimum e n t r y  
p o i n t  boundary, and the  maximum l i f t - to-drag (L /D)  l i n e  are also inc luded .  The 
r e s u l t s  i n  figure 6(a)  show t h a t  t h e r e  are no minimum e n t r y  p d i n t s  (MEP's); a l l  
s i m u l a t i o n s  had one S-tarn i n  t h e  angle-of-attack t r a n s i t i o n  phase e x c e p t  f o u r  
cases, which had no S-turns .  F i g u r e  6 ( b )  p r e s e n t s  a c t u a l  a l t i t u d e  as a f u n c t i o n  
of p r e d i c t e d  nav iga ted  range-to-go t o  t h e  runway t h r e s h o l d .  
t a i n s  t he  dynamic p r e s s u r e  d i s p e r s i o n s .  Also p l o t t e d  i n  t h i s  f i g u r e  are t h e  
s t r u c t u r a l  d e s i g n  l i m i t  l i n e ,  t h e  f l i g h t  c o n t r o l  d e s i g n  l i m i t  l i p - ,  t h e  minilcum 
dynamic p r e s s u r e  l i m i t  i n  t h e  GRTLS gu idance ,  t h e  v e n t i n g  constra,.it  l i n e ,  and 
t h e  s o n i c  boom 2-psf ove r -p res su re  g d i d e l i n e .  Most cases c u t  across t h e  s o n i c  
boom 2-psf over-pressure l i n e .  The s o n i c  boom boundary is a f u n c t i o n  o f  a n g l e  
of attack and dynamic p r e s s u r e .  A n a l y s i s  w i t h  similar dynanic  p r e s s u r e  d i s p e r -  
s i o n s  have shown maximum ove r -p res su res  o f  approximately 2.2 ps f  f o r  t h e  nominal 
e n t r y .  F i g u r e  6 ( d )  p r e s e n t s  t h e  angle-of-attack d i s p e r s i o n s .  S e v e r a l  l i m i t  
l i n e s  are also p l o t t e d  on t k z :  f i g u r e s .  These are t h e  FCS d e s i g n  limits, rol l -  
o f f ,  nose s l ice ,  b u f f e t  o n s e t  l i n e ,  Cnf3 dynamic arid lateral  t r i m  l i n e ,  and t h e  
v e n t i n g  c o n s t r a i n t  l i n e .  S e v e r a l  cases v i o l a t e d  the  Cng dynamic and la teral  
trim c o n s t r a i n t  l i n e .  T h i s  c o n s t r a i n t  i i n e  was g e n e r a t e d  u s i n g  t h e  A p r i l  1979 
aerodynamic data ,  X c.g. = 66.7,  t r i m  f l i g h t ,  l - inch Y c.g. o f f s e t ,  worst-case 
e l l i p t i c a l  v a r i a t i o n s ,  two yaw jets used for trim, maximum s i d e s l i p  a n g l e  o f  
1.5O, and ben t  airframe effects.  These boundaries  are a l s o  f u n c t i o n s  o f  dynamic 
p r -  -.'vs, so t h e  d i s p e r s i o n s  are compared t o  t h e  c o n s t r a i n t s  i n  t h e  dynanic  
pressure! ang le -o f -a t t ack  p l ane  ( f i g s .  6 ( e )  t o  6 ( k ) ) .  I n  t h i s  p l a n e ,  t h e  : . 5 O  
degree  s i d e s l i p  a n g l e  c o n s t r a i n t  is v i o l a t e d  a t  Mach = 2. NJO problems were 
encountered encountered because o f  t h e  v i o l a t i o n s  i n  t h e  ve loc i ty / ang le -o f -  
a t tack p lane  and t h e  dynamic p r e s s w e / a n g l e - o f - a t t a c k  p l ane .  
Ac tua l  energy as 
F i g u r e  6Cc) con- 
F i g u r e s  6 ( 1 )  and (?I) p r e s e n t  t h e  s i d e ' i p  a n g l e  and t h e  bank-angle h i s t o r i e s ,  re- 
s p e c t i v e l y .  A l i  t h e  s i m u l a t i o n s  bank A o v e r  t o  4 5 O  (S - tu rn )  except f o u r .  I n  
these f o u r  cases, a bank maneuver is executed t o  l i n e  t h e  v e h i c l e  w i t h  t h e  head- 
i n g  a l inemen t  c y l i n d e r  and then  most o f  t h e  f l i g h t  is c l o s e  t o  wings l e v e l .  The 
p o i n t  a t  which t h e  heading a l inemen t  phase beg ins  is c l e a r l y  seen on these f ig-  
u r e s  a t  a v e l o c i t y  o f  approx ima te ly  600 f p s .  F i g u r e  6 ( a )  preser:,~ p i t c h  a n g l e  
as a f u n c t i o n  o f  v e l o c i t y .  T h i s  f i g u r e  shows t h a t  there were no t a i l s c r a p e s  3rld 
t h a t  adequa te  margins ex is t .  F i g u r e  6 ( 0 )  p r e s e n t s  normal load f a c t o r s  as a func- 
t i o n  o f  v e l o c i t y .  Normal load fac tc rs ,  as seen  i n  these f i g u r e s ,  are approx i -  
mately 2.0g 's  three-.?igma at v e l o c i t i e s  o f  3200 f p s  and 2500 f p s .  A t  3200 f p s ,  
t h e  load f a c t o r  t r a n s i e n t s  are due to  a change from an ang le -o f -a t t ack  c o t i t r o i  
t o  an NZ cont rc l ,  a l t i t u d e  e r r o r s ,  a l t i t u d e - r a t e  e r r o r s ,  energy e r r o r s ,  a n d  bank 
r e v e r s a l s .  A t  2500 f p s ,  t h e  t r a n s i e n t s  r e s u l t  from t h e  d i f f e r e n c e  i n  t h e  
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naviga t ion-der ived  dynamic p r e s s u r e  and t h e  air  data dynamic p r e s s u r e .  
ference d i v i d e d  by 0.96 seconds  r e s u l t s  i n  dynamic p r e s s u r e  rates, which cause  
t h e  guidance to f l y  t h e  dynamic p r e s s u r e  l i m i t s .  Also, when MSBLS c l e a n s  up t h e  
state v e c t o r ,  t he  guidance  d r i v e s  t h e  O r b i t e r  back to  t h e  r e f e r e n c e  p r o f i l e  and 
some of these maneuvers lead t o  large normal load factors. F i g u r e  6 ( p )  p r e s e n t s  
t h e  r a d i a l  rate d i s p e r s i o n s .  
and a c c e l e r a t i o n  parameters t h a t  w i l l  be used for p o s t f l i g h t  a n a l y s i s .  
T h i s  d i f -  
F i g u r e s  6(q) through 6 (bb)  p r e s e n t  aerodynamic 
5.4.2 Au t o l a n d  
For the approach and l a n d i n g  phase ,  most of the parameters are p l o t t e d  wi th  
p r e d i c t e d  r a r e  (as i n  the independent  parameters )  because  t he  a c t u a l  range  is 
n o t  a v a i l a b l e .  
range a close approximat ion  of t h e  a c t u a l  range.  
gu idance  performance parameters. 
range, i n d i c a t e  t ha t  a l l  the s i m u l a t i o n s  were d e l i v e r e d  t o  t h e  v i c i n i t y  of the  
runway t h r e s h o l d  s a t i s f a c t o r i l y .  F i g u r e  lO(c) shows t h a t  none of t h e  cases 
landed  short of t h e  runway. The 0.50 e l e v a t i o n  l i n e  i n  f i g u r e  lO(c) r e p r e s e n t s  
the e l e v a t i o n  angle below which no e l e v a t i o n  data w i l l  be a v a i l a b l e  from t h e  
MSE3l.S. 
plane .  The radial-rate error, nav iga ted  minus a c t u a l ,  is shown i n  f i g u r e  7 (e ) .  
The b i a s  t h a t  b u i l d s  up below an a l t i t u d e  of 225 feet is t h e  r e s u l t  of u s i n g  t h e  
MSBLS e l e v a t i o n  data between l . 3 O  and 0.5O e l e v a t i o n  ang le .  In t h i s  r e g i o n ,  the 
model used (and is cons ide red  realistic) e x h i b i t s  a mean bias  i n  t he  e l e v a t i o n  
measurement. F i g u r e  7 ( f )  p r e s e n t s  dynamic p r e s s u r e  v e r s u s  nav iga ted  r ange .  
Also p l o t t e d  i n  f i g u r e  7 ( f )  are t h e  FCS d e s i g n  l i m i t  l i n e  and t h e  c e r t i f i c a t i o n  
c r i te r ia  l i n e .  The dynamic p r e s s u r e  d i s p e r s i o n s  i n  t h i s  f i g u r e  are a c c e p t a b l e .  
F i g u r e  7 ( g )  p r e s e n t s  the ang le -o f -a t t ack  d i s p e r s i o n s  and show adequa te  margins  
wi th  r e s p e c t  t o  t he  FCS d e s i g n  l i m i t .  S i d e s l i p  a n g l e ,  bank a n g l e ,  and p i t c h  
angle are p resen ted  i n  f i g u r e s  7 ( h ) ,  ( i ) ,  and (j), r e s p e c t i v e l y .  F i g u r e  7 ( j )  i n -  
d i c a t e s  t h a t  there are no t a i l s c r a p e  cases. Normal load factors ( f ig .  7 ( k ) )  
are less thaq the  STS-1 g u i d e l i n e  o f  2.5g's. F i g u r e  ?(e) p r e s e n t s  t h e  a l t i t u d e  
rate,  and f i g u r e s  ?(tu), ( n ) ,  and (0) p r e s e n t  t h e  a l t i t u d e  rates above t h e  body 
a x i s .  
The MSBLS measurements are v e r y  a c c u r a t e  and make t h e  nav iga ted  
F i g u r e  7 p r e s e n t s  t h e  a u t o l a n d  
F i g u r e s  7(a)  and ( b ) ,  g round t rack  and a l t i t u d e  
F i g u r e  7(d)  c o n t a i n s  the  d i s p e r s i o n s  i n  t he  a l t i t u d e  and a l t i t u d e - r a t e  
The e l e v a t o r  d e f l e c t i o n  ( f i g .  ? ( p ) )  e x h i b i t s  an  i n c r e a s e  when t h e  body f l a p  is 
retracted ( f ig .  7 ( r ) )  to  the t r a i l  p o s i t i o n  a t  au to l and  guidance  i n i t i a t i o n .  A 
d e c r e a s e  i n  t he  e l e v a t c '  setting o c c u r s  when t h e  speedbrake  is retracted ( f i g .  
?(s!)  p r i o r  t o  t h e  p r e f l a r e  maneuver. T h i s  decrease, i n  fou r  cases ( f i g .  7 ( p ) ) ,  
was delayed u n t i l  a range of approximate ly  9000 feet was reached because t h e  
speedbrake  f o r  these cases was no t  retracted u n t i l  an  a l t i t u d e  o f  1000 feet, 
( f ig .  ?(SI) was reached. F i g u r e  10 (4) p r e s e n t s  t h e  a i l e r o n  h i s t o r i e s  and fig- 
u r e  7 ( t )  p r e s e n t s  t he  rudde r  d e f l e c t i o n s .  
i n  the LAND program are f u n c t i o n s  o f  t h e  h inge  rnommts and are p resen ted  i n  f ig- 
u r e s  7 ( u )  t h y i d @  (y). Hinge mtiments are p resen ted  i n  f i g u r e s  7(2) th rough 
( f f ) .  The e levon h inge  moments are c o n s e r v a t i v e  because t h e  t o t a l  v a r i a t i o n  in 
t h e  hinge-moment c o e f f i c i e n t  is assumed to  be t h e  same f o r  t h e  inboard  and 
outboard  e levon.  The data book s p e c i f i e s  t ha t  t h e  v z r i e t i o n  must be d i v i d e d  by 
t h e  squa re  roo t  of two. S t a l l  l i m i t s  ( ref .  4) a r e  a l s o  p l o t t e d  on t h e  hinge-  
moment traces. All hinge  momerits a r e  a c c e p t a b l e .  
The mximum a l l o w a b l e  s u r f a c e  rates 
7 
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Table VI1 c o n t a i n s  the l and ing  statistics. 
v a l u e  and minimum va iue  ( i n s t e a d  of meas and s igmas)  bezause t h e  d i s t r i b u t i o n  
of some of t h e  l i s t e d  parameters cannot  be reasonably  approximated by a normal 
d i s t r i b u t i o n  ( f ig .  8 ) .  
face winds f o r  Kennedy Space Center  (KSC).  These winds are v a l i d  f o r  runway 15 
a t  KSC for the  month o f  A p r i l  between 6 a.m. and 8 a.m. local time. Three o u t  
of f i f t y  l a n d i n g s  had crosswinds  at landing t h a t  were greater than  o r  e q u a l  to  
10 knots.  
exceeded the  tire s p e c i f i c a t i o n  l i m l t  speed o f  222 kno t s ,  and three o u t  o f  f i f t y  
l a n d i n g s  exceeded the  tire c e r t i f i c a t i o n  l i m i t  speed o f  208 kno t s .  
l and ing  is expected to be manual, rather than  u s i n g  the  au to l and  guidance  f o r  
STS-1, the  p i l o t  l and ing  t echn iques  are expec ted  t o  i n c r e a s e  the l a n d i n g  p o i n t  
d i s p e r s i o n  t o  reduce  the l and ing  speed w i t h i n  landing gear c o n s t r a i n t s .  Table  
VI1 also c o n t a i n s  an estimate of the  energy margin a t  l and ing .  
This  table g i v e s  t h e  mean maximum 
F i g u r e  9 p r e s e n t s  t he  cumula t ive  d i s t r i b u t i o n  of  the  s u r -  
The l and ing  stritistics i P i c a t e  t h a t  one o u t  of f i f t y  l a n d i n g s  
Because the 
6.0 CONCLUSIONS 
I n  a l l  f i f t y  samples  analyzed, speedbrake ,  rudder  e l evon ,  and body-flap h inge  mo- 
ments are a c c e p t a b l e .  All l a n d i n g  s i m u l a t i o n s  are t r a n s i t i o n e d  t o  au to l and  
before an a l t i t u d e  o f  9000 feet. Also, there  are no W ' s  o r  tailscrapes. Navi- 
ga t ion-der ived  p r e s s u r e  a c c u r a c i e s  exceed t h e  FCS c o n s t r a i n t s  above I* ich Z .5, 
and s e v e r a l  cases v i o l a t e d  t he  
Normal load f a c t o r  t r a n s i e n t s  occur  a t  WBLS a c q u i s i t i o n  and a t  TAEMiautoland 
i n t e r f a c e .  
speed of 222 kno t s .  
exceeded three times. Crosswind magnitudes a t  l and ing  exceeded the  c v  t . r s i n t  
of 10 k n o t s  i n  three cases. 
Cng dynamic and lateral trim c o n s t r a i n t  l i n e .  
One o u t  o f  f i f t y  l a n d i n g s  exceeded the  tire s p e c i f i c a t i o n  l i m i t  
The t i r e  c e r t i f i c a t i o n  l i m i t  speed o f  208 k n o t s  a s  
V i o l a t i o n  of naviga t ion-der ived  dynamic p r e s s u r e  above Mach 2.5 w i l l  a f fect  t h e  
FCS moding and g a i n s  t o  some degree because dynapic  p r e s s u r e  is used t o  perform 
the noding and g a i n  scaling. S e v e r a l  ~ a s e 3  v i o l a t e d  the Cng dynamic and la t -  
eral  t r i m  c o n s t r a i n t  l i n e .  This  c o n s t r a i n t  i i n e  war. gene ra t ed  wi th  A p r i l  1979 
aerodynamic d a t a ,  X c.g. = 66.7 pe rcenc ,  trim f l i g h t  l - inch  Y c.g. o f f s e t ,  
worst-case e l l i p t i c a l  v a r i a t i o n s ,  2 yaw je ts  csed f o r  trim, maximum s i d e s l i p  f o  
1 . 5 O  ana ben t  airframe effects.  V i c l a t i o n  o f  t h e  naviga t ion-der ived  dynamic 
pressure e r r o r  c o n s t r a i n t ,  the  Cng dynamic and lateral t r i m  c o n s t r a i n t ,  and t h e  
r o l l o f f ,  nose sl ice,  and buffet .  o n s e t  c o i s t r a i n t  d i d  no t  cause  any problems. 
S e v e r a l  metering methods wel-e used t o  redme t h e  normal load  t r a n s i e n t s  a t  MSBLS 
a c q u i s i t i o n  but  Mere unsuccess fu l .  The re fo re ,  t h e  p i l o t  should  expec t  these 
t r a n s i e n t s  when us ing  the  a u t o  gclidance mode. The MSBLS v a r i a n c e s  have been 
i n c r e a s e d  and w i l l  r;duce the magnitude of these t r a n s i e n t s .  The l and ing  s ta t i s -  
t i c s  i n d i c a t e  t h a t  one o u t  o f  f i f t y  l a n d i n g s  exceeded t h e  time s p e c i f i c a t i o n  
l i m i t  speed o f  222 k n c r s ,  and t h r e e  ou t  of f i f t y  l and ings  exceeded t h e  tire cer- 
t i f i c a t i o n  l i m i t  speed o f  208 kno t s .  
u a l ,  rather tnan u s i n g  the au to l and  guidance  f o r  STS-1, t he  p i l o t  l and ing  tech- 
n iques  are expected t o  i n c r e a s e  the l and ing  po in t  d i s p e r s i o n  t o  reduce t h e  land-  
ing speed wi th in  landfng  gear c o n s t r a i n t s .  
S ince  the l and ing  is expected t o  be man- 
8 
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TABLE 11.- AUTOLAND CAPTURE ZONE 
Flightpath Dynamic 
Altitude, A1 t i t udea Crossrange angle error, pressure 
ft error, f t  error, f t  det3 error, p s f  
>10 000 1000 1000 4 24 
10 000 1000 1000 4 24 
b5 000 50 100 .5 24 
aAll errors are with respect tc the reference values. 
bLinear ramp as a function of altitude between 10 000 and 5000 feet .  
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TABLE 111. - MEASURFMENT INCORPORATION SCHEDULE 
Measurement Nominal measu reme n ta 
~~~ ~~- ~- 
I n c o r p o r a t i o n  a l t i t u d e ,  f t  
F i r s t  Tacan s t a t i o n  a c q u i s t i o n  
Drag a l t i t u d e  
Second Tacan s t a t i o n  a c q u i s i t i o n  
B a r a e t r i c  a1 timeter 
MSBLS 
Radar altimeterb 
GRTLS 
226 950 
Savannah ( S A V  1 
186 800 
105 574 
Mobile (MBL) 
83 400 
18 500 
100 
a A l t i t u d e  wi th  respect t o  runway. 
bRadar a l t i m e t e r  da ta  s e n t  directly t o  t h e  au to l and  guidance.  
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TABLE 1V. -  TACAN STATION LOCATIONS, STS-1 CRTLS 
L o c a t i o n  Channel I D  L a t i t u d e  Longi tude A 1  t i t u d e  
- 
Savannah 74 SAV 32.160604N 81.112526W -205. 
Brunswick 35 S I  31.050635N 81.445873 -203. 
J a c k s o n v i l l e  92 J A X  30.450374N 81.564211W -188. 
Ormand Beach 73 OMN 29.303463N 81.112811W -169. 
Orlando 59 ORL 28.542876N 81.334986W -98. 
Vero Branch 120 V RB 2’:. 678570:: 80.489574W -189. 
Pa lm Beach 102 PB I 26.687492H 80.156121W -192. 
P a t r i c k  96 COF 28.237802N 80.611743W -198. 
Mobilea 1 1  MBL 28 .64408 1 N 80.696375W -200. 
Mobile 1 1  MBL 28.64408N 80.696375W 2127 
W.S. Air Force  mobile Tacan s t a t i o n .  
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TABLE V I  .- S T A T E  D E V I A T I O N S  (ACTUAL REFERENCE) (THREE-SIGMA) , GRTLS 
~ 
Parametel, u n i t  
~ ~~ 
E T  separation entry 
u, f t  
v,  ft 
w, f t  
UDOT, f p s  
V W T ,  f p s  
WDOT, f p s  
2 859 
98 441 
29 293 
89 
299 
56 
16 
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TABLE VI1.- LANDING STATISTICS 
Parameter Nominal Mean Maximum Minimw 
Altitude rate, fps 
P i t c h  angle, deg 
Groundspeed, knots 
Equivalent airspeed, knots 
True airspeed, knots 
Range from threshold, f t  
Lateral p c ~ i t i o n ,  f t  
Lateral rate, f p s  
Energy margin, sec 
1.98 
9.17 
189 
188 
189 
2435 
0 
0 
4.21 
2.22 
9.25 
183 
182 
183 
2100 
0 
0 
3.75 
5.4 
11 *37 
232a 
220 
223 
4328 
15 
2.2 
6.8 
0.8 
7.75 
1 .- 
162 
600 
-9 
-1.9 
1.4 
aExceeds t ire  specificatidn l i m i t  of 222 knots. 
h 
+J 
In 
C 
01 a 
.C 
h 
m 
v 
18 
0 
0 
,,.' - 
0 0  
0 0  
0 0  
0 -  
- b . 
0 0 '  
a 
0 
0 
0 
o r -  
* 
. -  a 
L 
3 
0 
0 
19 
0 
4 
0 .. 
0 
t 
0 
t e 
0 
F .
20 
0 
0 
L 
0 
c 0
0 
0 
0 
0 
c 
F 
0 
0 
c 
0 
c 
r 
0 
0 
t 
0 
0 Y 
* a
D 
21 
.' I 
0) 
0 
E 
Q 
- 
-0 c 
3 
.r 
h 
0) 
v 
0 0 0 0 1  
0 0 0  
0 0 0  
0 0 0  
* e -  
-0 
Q) 
U 
1 
c 
V c 
0 
V 
I - 
0)  
L 
3 m 
L L  
c 
22 
0 
a 
L. 
0 - 
0 
n 
0 * 
0 
0 
t 
0 
n 
o * 
I I I 
0 
a 
e 
0 
0 
n, 
L 
0 
0 - 
0 
0 
0 
r 
0 
0 
0 
a 
0 
0 * 
E 
0 
0 
n 
e 
0 
0 
(. 
r 
0 
0 
r 
r 
0 
0 
0 * 
01 
. Y  
0 0  
O S  
2: 
2 s  
‘ X  
o u  
0 -  
0 
0 - 
IC 
0 
0 
t 
n 
0 
0 
c. 
0 
0 * - 
0 
O 
n -. 
0 
0 
9 
0 
0 * 
0 
25 
0 
0 
0 0 0 0 0 ' 0  0 0 0 . . , . . . . . , 0 0 0 0  . . . .  
* - 
0 
0 
0 
a 
0 
0 
8 
.a 
e 
0 
e 
a 
0 
0 
I. 
0 
0 - 
0 
0 - 
8 
0 
0 * 
w 
0 
a 
0 
I 
0: 
z =  a O m  
. =  
:= 
0 
0 
a 
a 
0 
0 
I 
h 
0 
0 
0 
n 
0 
0 
9 - 
0 
0 
n - 
0 
0 
m 
0 
0 
t 
0 
0 0  . .  
U 
al 
2 c 
*, 
E 
0 
V 
.r 
I 
m 
aJ 
L 
rn 
L L  
a 
.r 
26 
0 
0 
h - 
0 
0 
m 
0 
0 
0 * 
a 
0 
0 
0 
a 
0 
0 
0 
z 
0 
0 
h 
E 
0 
0 
c 
r 
0 
0 
* r 
0 
0 
0 
8 
I 
' W  
O m  
0 s  
4 3  
- a  
. x  
O U  
O I  
:= 
0 
0 
m 
..) 
0 
0 * 
n 
0 
0 
0 
IC 
0 
0 
0 - 
0 
0 
n -
0 
0 
m 
0 
D * 
0 
L 
0 
L 
L 
a 
L U aJ aJ 
n 2 
c 
c, 
t 
0 
U 0 
tu 
L I 
.r E, 
c 
c -
c
- 
U 
u 
27 
0 
0 
0 '  0 
0 
O 0 
r r 
I 
0 
0 
0 
0 
0 
0 
0 
t 
0 
0 
0 
u 
m 
0 
0 
0 
0 
c 
0 
0 
0 
0 * 
0 
0 -  
0 -  
0 -  
*: 
c 
c 
-I . -  
0 
0 0  -  
0 -  
rTy 
0 
5 
W 
LD 
- 
0 
c 
0 
0 
c) 
0 
0 
0 
0 
n 
0 
0 
0 
0 -
0 
L 
0 
L 
L 
W 
W 
U 
cl 
c, 
co 
u 
L +J 
W 
E "  
aJ 0 
L L 
a (II m cn 
3 ' C f  W 
r '  3 
c 
U 
c 
0 
- 
. I - "  
I 
.r 
F ; "  
Y 
28 
0 
0 
0 
I 
' 
I 
I 
I 
I 
I 
I 
m 
I 
I 
* 
L 
T 
I 
I 
I 
I 
L 
I 
c 
I. 
-I 
i 
L 
t c
I 
w -  
U 
7 
c, ,"s = 
Ll- 
3 a -  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  
o ~ m - * c , * m h -  .- h n c, 4 m Q o o - 1 1 1 l l l l 1 1 -  
I 
L L ' U O U U B  a o n t i t i u  
0 
4 
n 
0 
0 
0 
0 * 
h 
0 
0 
0 
0 
h 
h 
0 
0 
0 
0 
0 
h 
0 
0 
0 
0 
0 - 
0 
o w  
:+ 
2 2  
. a  
0 3  
O K  
0 3  
- 0 ,  
0 0  
:L 
o n  
. >  
0 9  
0 
2 4  
3 
0 .l- 
o w  
oe 
o + J  
0 -  - 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
9 
0 
0 
0 
0 
t 
0 
0 
0 
0 
h 
0 
29 
I 
-L* 
P 
I 
I 
I 
I 
I 
I 
,- 
I 
. 
U L I Y L Y Y  
0 
0 
0 
0 
4 
n 
0 
0 
0 
0 
t 
n 
0 
0 
0 
0 
h 
n 
0 
0 
0 
0 
0 
n 
0 
0 
0 
0 
a 
0 
0 
gc 
:s 
:L -
9 - . )  
h 
‘ 4  
01 
a, . >  
0 0  
o n  
:a 
03 
0 .t- 
o +  
5 -  
Y 
Y 
Y 
Y 
D 
a 
a 
J 
D 
a 
a 
a 
r 
3 
s 
> 
> 
> 
> ” 
a 
L 
0 
L 
L aJ 
a, 
rn 
r 
4 
L c 
3 
0 n 
n 
- 
v 
-0 aJ 
3 
S 
CI 
E 
0 
V 
I 
e- 
aJ 
L 
3 
0, 
.t- 
*C 
IL 
30 
0 
0 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
c 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 
0 
0 
t 
h 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
0 
0 
0 
I 
h 
h 
0 
0 
0 
h 
1 Y 
I 
I 
I 
I 
0 
0 
0 
0 
c 
0 
0 
e 
0 
L 
0 
L 
0 L 
t aJ 
0 
0 
0 
- 
;* 
t 
C, 
t 
0 
0 
I 
d 
QI 
L 
J 
m 
LL 
a 
-I- 
v- 
I 
Q) m r 
(d 
L 
ul - ul 
0 
L 
0 u 
0 
0 n 
u 0 
0 U 
0 
0 
0 
0 
h 
- 
aJ 
2 
Q 
I c 
Q 
I- 
- 
I 
I 
0 
0 
3 
D 
0 
> 
> 
> 
> 
D 
I 
I 
I 
I 
8 
I 
I 
I 
I 
, 
0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 c  
0 0 0 0 0 0 0 0 O O l O O O O C  
0 0 0 0 0 0 0 0 0 0  o o o o c  
o * a c a n r m h -  - m m r u  
1 1 1 1 1  L 
a d ' u e ~ u a  a e w v u s s e u s  
I 
31 
0 
I 
- 
e 
0 
0 
0 
9 
n 
0 
0 
0 
0 
I 
n 
0 
0 
0 
0 
n 
n 
0 
0 
0 
a 
0 
n 
0 
0 
0 
0 
0 
c 
0 
u 
Oc, - -  
h 
'l-0 
:+ 
$ 2  
0 
o? * 2 '  
0, . >  
o c  
o n  
* ai 
L 
o m  
0 
'7 
-1 
'C, 
0.6- z: 
c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
h 
0 
0 
0 
0 
t 
a 
0 
0 
0 
c. 
h 
.. 
0 
0 
0 
0 
0 
h 
0 
0 
0 
0 
.) 
c 
0 
0 
0 -  
0- 
e 
e., 
.a 
03 
:? * 
-aJ 
. >  
0 0  On o m  
-U 
-c, 
0- 
QC) 
0 
a 
:z 
c 
0 
0 
0 
0 - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
k 
0 
L 
0 
L 
L 
5’ 
aJ 
c, 
a 
L 
aJ 
0 
K 
m 
L 
S 
3 
0 
n 
h 
e, 
v 
* l I 
m 
m 
0 
0 
0 
0 * * 
0 
0 
0 
0 
* 
0 
0 
0 
0 * * 
0 
0 
0 
0 
0 * 
0 
0 
0 
0 
0 - 
0 
0 
O Y  ;'c - 
.) 
.a 
o m  
0 3  
o E  
01 
I S  
al 
- >  
0 0  E% 
-aJ 
-0 . =  
O* 
e- 
0- :z - 
0 
0 
0 
D 
R 
D 
0 
0 
0 
D 
D 
D 
m 
r 
D 
D 
s 
D 
b 
D 
82 81 80 79 78 77 76 75 
West longi tude ,  deg 
( 9 )  TACAN s ta t ion  locat ions  and graundtrack. 
Figure 4 .  - Concluded. 
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Figure 8.-  Landing statistics.  
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Figure 8.- Contfnued. 
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FIgure 8.- Continued. 
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Figure 8.- Continued. 
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Flgure 8.- Continued. 
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Figure 8 . -  Continued. 
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Figure 8 . -  Continued. 
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Figure 8 .  - Concluded. 
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